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(57) A method and apparatus for aeathg muttiple 
branch wells from a parent well Is disclosod. According 
to a first embodiment of the Inventioo a multiple branch- 
ing sub is provided for placement at a branching node 
of a well Such sub Includes a branching chamber (32) 
and a plurality of branching outtet members {34-38). The 
outlet msmbers. during constnictkxi ol the branching 
•ub. have prevkxisiy been cSstorted into oblcyig shapes 
ao that al of the branching outlet nrwnbers fit within an 
imaginaiy cylinder which is coaxial with and substantial- 
ly the same radius as the branching chamber. According 
to one embodiment, the distorted outlet members are 
charactsrized by an outer convex shape. In another em- 
bodimem. the distorted outlet members are character- 
ized by outer concave shape when in a retracted 
stale. After deployment of the branching sub viaaparent 
casing in the weU. a forming tool is lowered to the Interior 
of the sub. The outlet members are extended outwardly 
by the lom*ig tool and simultaneously formed into sub- 
stantially round tubes. Next, each outlet member is 
plugged with cement, after which each branch weU is 
drilled thiou^ a respective outlet member. It desired, 
each branch may be lined with casing and sealed to a 
branching ouUet by means of a casing hanger, A mani- 
fold placed in the branching chamber controls the pro- 
ducllonol each branch welltothe parent well. According 
to a second embodiment of the invention, a pressure 
resistant branching sub is provided which may be in- 
stalled t\ series with a casing string, and the associated 
equipment used for the installation operation and inter- 
vention of a well. The branch«g sub includes a main 
pipe and a lateral outlet. 
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Description 

This invenfion rotates generally to the field of wens, 
particularly to me field of establiahing branch wells from 
a parent hydrocartxyi well. More particularty the inven- 
tion relates to estabishing multiple branch wells from a 
common depth point, called a node, deep in the well. 

BACKGROUND OF THE INVENTION 

Multiple wells have been drilled trom a common lo- 
cation. particulBrty whDe drilling from an offshore plat- 
form where multiple wells must be drilled to cover the 
great expenses of olshore (frilling. As iBustreted in Fig- 
ures 1 A and 1 a such wefls are drilled throufijh a com- 
mon conductor ppe, and each waO includes surface 
casing liners, intefmadlate casing and parent casing as 
is well known iri the field of offshore drilling of hydrocar- 
bon wells. U.S. Patent 5,458.199 deecrtoes epparatus 
and meihods lor draing multiple weBs from a common 
weilbore at or near tie eurface of the earth. U .S. Patent 
4,573,541 descrt>es a downhole takeoff assembly for 
a parent well which includes multiple take-oft tubes 
which communicate with branched wells trom a com- 
mon point. 

Branch wete are also known in the art of well drilling 
which branch ircm multiple points in the parent wen as 
illustrated in Figure 2. Branch wells are created from the 
parent well, bic necessarily the parent well extends be- 
bw the branch»>g point of the primary well. As a result, 
the branching well is typcally of a smaller diameter than 
that of the primary well which extends bekitw the branch- 
ing point Fuitiemwe. difficult sealing problems have 
faced th9 art tor edablfehing eonrvnuneetion between 
the branch wel and the primary well. 

For exan^. U.S. Patent 5,388,648 describes 
methods relating to well juncture sealing with various 
sets of embocfements to accomplish such sealing. The 
dlsckjsure ol the "648 patent proposes solutions to sev- 
eral serious sealing problems whteh are encountered 
when esiablis-^'ng branches in a well. Such sealing 
problems relate to die requirement of ensuring the con* 
nectrvify of the branch casing liner with the parent casing 
and to maintairwig hydraulic ieolatkm of the juncture un- 
der differential pressure. 

A fundamental problem exists in establishing 
branch wefls a a depth in a primary well In lhal appara- 
tus for ©stobfahing such branch walla must be run on 
parent casing which must fit wtthin intermediate casing 
of the well. Aocordingfy. any such apparatus for estab- 
lishing branch welte must have an outer diameter which 
is essentially no greater than that of the parent casing. 
Fuithennore. « is desirable that when branch wells are 
established, they have as teu-ge a diarr>eter as posstole. 
Still further, it ts desirable that such branch wells be lined 
with casing which may bo established and sealed with 
the branching equipment with conventional casing 
hangers. 



An Important object of this inventkx> is to provkto an 
apparatus and method by which multiple bianches con- 
nect to a primary well at a single depth in the wel where 
the branch wells are controlled and sealed with respect 
5 totho primary well with conventional Hner-ttwasing con- 
nections. 

Another important object ol this invention is to pro- 
vide a multiple ouilel branching sub having an outer di- 
ameter such thai it may be njn in a well toadepkyment 

10 location via primary casing. 

Another object of this invention is to picwide a mul- 
tipto outlet branching sub In which muhipte outlets are 
fabncated in a rottacted state and are expended while 
downhole at a branching deptoyment kxatian to pro- 

« ducenttximum branch well dianrwtersrotfided to pro- 
vide conventiohal frwr-tiHafiing connectkns. 

Another object of this Invention Is to piovide appa- 
ratus lor downhole expanskx^ of retracted outW mem- 
bers in order to direct each outlet into an arcuate path 

» outwardly from the axis of the primary wei and to ex- 
pmd the outlets into an essentially round shape such 
that after a branch well is drilled through an outlet, con- 
ventnnal liner-to-casing connections can be made to 
such outlet members. 

25 

SUMMARY OF THE INVENTION 

These objects and other advantages artd features 
are provided m a method and apparatus lor establishing 
X multiple branch wells from a parent wet A multiple 
brmhing sub is provkJed for deptoyment in a borehole 
by means of a parent casing through a parsnt well. The 
bianchhg sub includes a branching chamber which has 
an open first end of cylln*kal shape. The branching 
35 ctwrtber has a secorxj end to which branching outlet 
mwnbers are connected. The first end Is connected to 
the parent well casing In a conventional nenner. such 
as by threading, for deptoyment to a branching tocatwn 
in the parent well. 

Multiple branching outlet menibers. «ch ol whfch 
is integrally connected to the second end the branch- 
ng chamber, provkle fluid oommuncaLon with the 
branchrg chamber. Each of the outlet members is pre- 
latiricated such tt>at such members are in a retracted 
45 posHton tor insertion of the sub into and down tiroug^ 
the parent well toadepksymenltocatton deep in tie well. 
Each of the multiple outlets is substantially lotaly within 
an imaffnary cylinder which is coaxial wifli and of sub- 
sivtiaHy Ihe same radius as the first end ctf the branch- 
» ing charr«>er. The piefabrication of the oudet members 
causes each outlet member to be transfomied in cross- 
sectional shape from a round or circular shape lo an ob- 
tong or other suitable shape such that U outer profile 
fits within the imaginary cylinder. The otfer prafile of 
5ff each outlet member cooperates wUh the outer profiles 
of ether outlet members to substantially t« the area of 
a croes-section ol the imaginary cylinder. As a result, a 
substantially greater cross-sectional area ^ the multiple 
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outlet members is achieved within a cross-section ol the 
imaginary cylinder as compared with a corresponding 
number of tubular mullipte outlet members oC circular 
croes-secticn. 

The multiple outlet members are constructed of a 
material which may be plastically defonmed by cold 
forming. Aformingtool is used, after the multiple branch- 
ing sub is deployed in the parent well, to expand at least 
one of the multiple branching outlet members outwardly 
from the connection to the branching chamber. Prefer- 
ably all of the outlel members are expanded simultane- 
ously. SImultaneousiy with the outward expansion, the 
muliple outlets are expanded into a sut>stantially circu- 
Iv ladiai croee-eeetional ehape along their axial extent. 

Alter the multiple outlet mamberB which branch 
f lOT me branching charrtber are expanded, each of the 
muUple brwKhlngouttols are plugged. Next, a borehole 
is drilted through a selected one of the multiple brarKh- 
ing outleto. A subetantiatV round Iher is provided 
through the selected branching outlet and into the 
branch well The liner ol ciicular cross-eection is sealed 
to the selected branching outlet circular cross-section 
by means ol a conventional casing hanger. A borehole 
and liner is estabfished for a plurality of the multiple 
branching outlets. A downhole manifold is instaaed in 
the branchffig chamber Next multiple branch wells are 
completed. The production of each branch well to the 
parent well is controlled with the man'rfold. 

The apparatus for expanding an outlel ol the multi- 
ple branch»ig sub includes an uphola power and control 
unit and a downhole operational unit An electrical wire- 
liie connects the uphole power and control unit and the 
downhole operational unit The wireline providos a 
physical connection for lowering the downhole opera- 
tional unit to the branching sub and provides an electri- 
cal path fortransmlsslon ol power and bidirectional con- 
trol and status signals. 

The downhole operational unit includes a forming 
mechanism arranged and designed for insertion in at 
least one retracted branching outlet member d the sub 
(and preferably into all of the outlet members at the 
same time) and for expanding the outlel member out- 
wardly from Ms imaginary cylinder at deployment. Pref- 
erably each outlet men4>er is expanded outwardly and 
expanded to a circular radial cross-eection BimuRane- 
ously. The downhole operational unH Includes latching 
md orientation mechanisms which cooperate with cor- 
responding mechanisms ol the sub. Such cooperaling 
mechanisms allow the fomiing mechanism to be radially 
oriented within the multiple branching sub so that it is 
aligned with a selected outlet ol the sub and preferably 
with all of the outlets ol the sub. The downhole opera- 
tional unit includes a hydraulic pump and a head having 
hydraulic fluid lines connected to the hydraulic pump. 
The forming mechanism iKludee a hydraulically pow- 
ered lorming pad. A telescopic link between each form- 
ing pad and head provides pressurized hydraulic fluid 
to the forming pads as they move downwardly while ex- 



parading the outlel members. 

According to a second allemative embodiment of 
the invention , a branching sub is providod which allows 
multiple branches from a parent casing without the need 

s for sealing joints and which allows the use of conven- 
tior>al well controlled liner packers and casing joints. The 
geometry ol the housing d the branching sub allows the 
housing to achieve maximum pressure rating consider- 
ing the size of the branch outlet with regard to the size 

10 of the parent casing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, advantages and features of the inven- 
15 tion will become more apparent by reference to the 
drawings which am appended hereto and wherein an 
Ktustrative embodiment ol fte invention Is shown, of 

which: 

20 Figures 1 A and IB itatrate a prior art triple liner 
packed in a cornjuctor casing terminatnn in which 
the outlet members are round during Installation 
and are packed to fit w^in the cortductor casing: 
Figure 2 Hlustrates a prior art parent or vertical well 

25 and lateral branch wels which extend therefrom; 

Figures 3A. 3B. and 3C ilustrate a three outlet 
branching sub accordhg to a first embodiment of 
the invention where Figure 3A is a radial cross-sac- 
Won through the branetiing outlets of the sub. with 

30 one outlet comptetety in a retracted position, with 
another outlet in a posibon between its retracted po- 
sitkxi and its fully expanded posttkxi. and the third 
outlet being in a fully expanded position, and whore 
Figure 38 b a racfiai cross-section throu^ the 

35 branching outlets of the sub with each of the outlets 
fully expanded after deployment in a parent well, 
and Figure 3C is an axial cross-6ectk)n of the 
tnanchmg sub showing two of the brar«hing outlets 
fully expanded to a round shape in whk^ casing has 

40 been run into a branch weD and seated with respect 
to the branching outle:s by means of conventk>r«l 
liner hanging packers. 

Figure 4 is a perspective view ol a throe symmetri- 
cal outlet brarkching sud of a Rret embodiment of the 

45 inventkDnwth the outlet branches expanded. 

Figures 5A. 5B. SC. and 5D iSustrate configuratk)ns 
of the first embodimer* ol the invention with asym- 
metrical branchir^g oudets with at least one outlet 
having larger internal dimensions than the other 

50 two, with Figure 5A being a radial cross-section 
through the branching ouUets akxig fine 5A-5A in a 
retracted position, witfi Figure SB being an axial 
cfoss-sectkm through the ines 5B-5B of Figure 5A. 
with Figure 5C being a radial cross-sectton along 

5S gnes 5C-5C ol Figure 50 with the branching outlets 
ri an expanded position, and with Figure 5D being 
an axial cross-section atong lines 5D-5D of Figure 
5C with the branching outlets in an expanded post- 
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tion; 

Figures 6A<6E ihtfitrate radial cross-sections o( 
several examples ol branching outlet configurations 
of the branching sub according to the first embodi' 
ment of the imrsntion. with all outlet branches fully 5 
expanded from iheir retracted state during deploy- 
ment in a parent well, with Figure 6 A lOustrating two 
equal diameter outlet branches. Figure 6B illustrat- 
ing three equal diameter outlet branches. Figure 
6C. like Figure SC. aiustrating three outlet branches to 
with one branch characterized by a larger diameter 
than the other two. with Figure 60 illustrating lour 
equal deimeter outlet branches, and with Figure 6E 
iHustratinQ five outlet branches with the center 
branch being of smaller diameter than the other « 
tour. 

Figures 7A-7E ilustrate stages of expancfing the 
outlet members of an expandable branching sub ac- 
cording to the invenbon. virith Figure 7A illustrating 
an axial cross-section of the sub showing multiple 20 
branchjng outteis wth one such outlet ina retracted 
position and the other such outlet being expanded 
starting with its connection to the brartehing head 
and continuing expansion downwardly toward the 
lower oper^ing of the branching outlets, writh Figure « 
7B Illustrating a radial cross-section at axial position 
B ol Figure 7 A and assurrung that each of three 
symmetrical branching outlets are being expanded 
simultaneously, and with Figures 7C through 7E 
showing various stages of exparwion as a function oo 
of axial distance along the branching outlets; 
Figures 8A 88 illustrate respectively in axial 
cross-section and a radial cross-eection along lines 
8B-8B, latching »)d onentation profiles of a branch- 
ing chamber of Ihe branching sub, and Rguro 8A as 
further IBustrales an extension leg and supporting 
shoe for deployment in a parent well and for provid- 
ing stability to the tiranchtng sub white expanding 
the branching outlets from their retracted position; 
Figure 9 schenaticalty illustrates uphole and down- ^ 
hole apparatus kx expanding the branching outlets 
of the branching sub; 

Figure 10 iHustrates steps of the process ot expand- 
ing and forming the branching outlets with a pres- 
sure fonning pad of the apparatus of Figure 9; « 
Figures 11A-11H ilustrate steps of an installatfon 
sequence for a nodal branching sub and lor creating 
branch welte from a parent well; 
Figure 1 2 iBustiates a branching sub deployed in a 
parent well and further illustrates branch well liners « 
hung from branching outlets and still further illus- 
trates production apparatus deployed m the branch- 
ing sub tor controlling production from branch wells 
into the parer^t wel^ 

Figures 1 3A aid 1 38 geometrically illustrate the in- ^ 
crease In branch welt size achievable for this inven- 
tion as compared with prior art conventional axial 
branch wells Irom liners packed at the end ol parent 



casng; 

Figures 14A-14D are iltustratVe sketches of mdal 
branching according to the irwentkn where Figure 
t4A illustrates establishing a node in a parent well 
and establishing branch weils at a common depth 
point in the parent well, all ol which communicate 
vvitha parent well at the node of the parent weH; with 
Figiire 148 illustrating an expanded branching sub 
Mhich has had Its branching outlets expanded be- 
yond the diameter of the parent casing and formed 
10 be substantially round; with Figure 14C illustrat- 
ing using a primary node and secondary nodes to 
produce hydrocaibons from a single strata; and with 
Rgura 14D illuMratIng using an expanded branch- 
ing sub from a primary node to reach rmihjpla sub- 
terranean targets; 

Figwe ISA Mustrates a two outlet veiston cf a 
branching aub according to the firat embodiment ol 
the mventton. with Rgures 15B. 1 SB*. 15C. and 15D 
ikKlrating cross-eecttonal profltes of such two out- 
lot version of a branching sub with an altemai^e 
post-forming tool at various depth kxsatnns in the 
oudet members; 

Figure 16 Illustrates a two arm alternative version 
of a post-forming tool; 

Figures 17A-17D illustrate the operatkxi of such al- 
ternative post-forming tod; 
Figures ISA- 1 BE illustrate a branching sub accord- 
rig to the first embodiment of the inventk)n with con- 
caw deformation of the branching outlets; 
Figures 1 9A • 1 9C illustrate an alternative actuating 
£^3parBtus according to the hventbn. 
Figures 20A and 208 iUustrate a eeoond embodi- 
ment of the inventkm where Rgure 20A is an exte- 
rkir view of a branching sub with a main ppe and a 
tateral branching outlet and Rgure 208 Is an axial 
section view of such branching sub; 
Figures 21 A and 218 are axial and radial section 
views of the branching sub of Figures 20Aand 208 
but in a retracted state, and Figures 21 C and 21 D 
are axial and radial sectton views of the branching 
6u6 of Figures 20A and 20B in an expanded State; 
Figure 22 Is a graph which shows that the yleM 
strength of the housing material of the branching 
sub ncraasas with the rate of deformatkm during 
eoqpension; 

Rgure 23 is a schematic illustration of the branching 
sub according to a eecorxJ embodimerU of ihe in- 
ventkxi wtiere lateral or branch holes are created 
ttm the main body of the sub or subs to reach dis- 
tinct f omnations from one main borefiole; 
Figure 24 illustrates the use of a deflecting tool 
vvhich may be inserted within the main pipe of the 
brwKhing sub whereby a drilling tool which enters 
from the top of the sub may be directed irtio the lat- 
eral outlet; 

Figure 25 illustrates two branching subs connected 
in tandem with the tandem connection placed in a 
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series ol casing links ol a casing string: and 
Figures 26A and 26B iUusUate a cap which may be 
welded across the branching outlet h order to close 
it off for certain wefl operations. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As described above. Figures 1A and IB illustrate 
the problems with prior art apparatus and methods for 
establishing branch wels Iron a parent welL Figures 1 A 
and 1 B show radial and axial cross-sections of multiple 
outlet liners 12 hung «)d sealed from a large diameter 
conductor pipe 10. The outlels are round in order to fa- 
cilitate use ot conventional ining hanger packers 14 to 
seal the outlet Brvers 1 2 lor oommunicalion with the con- 
ductor pipe 10. The anangement ol Figures 1 Aand IB 
requires that multiple round outlets of diameter Do fit 
within thecfiamelerDslof the conductor pipe 10. In many 
cases, ©specially where the conductor pipe must be de- 
ployed at a depth in the wioll, rather than at the eurlace 
of the weD, it is not feasWe to provide a borehole ol suf- 
ficient outer diameter to allow branch well outlets ol suf- 
ficient diarDeter to be instaHed. 

The techntquo ol providing branch wells according 
to the prior art arrangement depicted in Figure 2 creates 
branch weDs 22. 24 from a primary well 20. Special seal- 
ing arrangernents 26. unlike conventional casing hang- 
ers, must be provided to seal a lined branch well 22. 24 
to the primary well 20. 

DescriplitJn of Branching Sub According to a First 
Embodiment of the Invention 

Figures aA. 3B. fiwJ 3C illustrate a branching sub 
30 according to the invention. The brarnrfiing sub in- 
cludes a branching chamber 32. (which may be con- 
nected to and carried by parent well casing (See parent 
casing 604 of Figure 1 2)). and multiple outlet members, 
for example three outlet members 34. 36. 38 illustrated 
la Figures 3A. 3B. an6 X Figure 3A is a radial cross- 
section view through the branching chamber 32 »*^ich 
iUustrates ono outlet member 34 In a retracted state, a 
second ouUel member 36 in the state ol being expanded 
outwardly, and a third outlet nf>ember 38 which has been 
fully expanded outwardly. (Figure 3A is presented lor il- 
lustrative purposes, because according to the invention 
it is preferred to exparxJ and circularize each ol the out- 
lets simultaneously.) In the retracted state, each outlet 
is deformed as shown particularly for outlet member 34. 
A round tube Is defomwd such that its cross-sectional 
inieriof area remains essentially the same as that of a 
circular or round tube, but its exterior shape is such that 
it frts cooperatively with the deforrrod shape of the other 
outlet members, all within an imaginary cylinder having 
a diameter essentially the same as that of the branching 
chamber 32. In that way the branching chamber 32 and 
its retracted outlet members have an effective outer di- 



ameter which alows it to be run in a parent well to a 
deployment location v^hile attached to a parent casing. 
Outlet member 34 in its retracted state is iHustrated in 
an oblong shape, but other retracted shapes may also 

5 prove to have acKantageous characteristics. For exam- 
ple, a oor^cave central area of deformation in the outer 
side of a retracted outlet member may be advantageous 
to provide a sUfer outlet nr>embef. Such deformation is 
progressively geater and deeper starting from the top 

10 to the bottom d the outlet member. 

Figure 3A shows outlet member 33 in a state of be- 
hg expanded n mi arcuate path outwardly from the 
branchirtg chamber 32 while simultaneously being 
rounded by a downhole forming-expanding tool that is 

IS descrised beloK The arrows labeled F represent forces 
beng applied fcom tie interior of the outlet member 36 
border to expand that outlet member both outwardty in 
an arcuate pafti away from branching chamber 32 and 
to circularize I from its retracted state (as is the coridi- 

20 tion of outlet mornber 34) to its expanded or fully de- 
ployed state Hte oudet member 38. 

Figure 3B « a radial cross-eection as viewed by 
lines 38-3B of Figure 3C throu^ the branching sub 30 
at the level of outlet members 36, 38. Figure X lllus- 

26 trates convenfional casing liners 42, 44 which have 
been installed through branching chamber 32 and into 
respective outlet members 36. 38. Conventional liner 
hanging packer 46. 48 seat casing liners 42. 44 to outlet 
membere 36, 38. As illustrated in Figures 38 and 3C. i! 

30 the diameter C62 ol the branching chamber 32 is the 
eameasthedismelor Dslofthe conductor pipe of prior 
art Figure IB, tien Ihe outlet diameter Do of Figure 3C 
is 1 .35 times as great as the outer diameter Do of Figure 
1 B. The liner cnss-Gectionalarea of the sub of Figure 

ss 3C is 1.62 times as ^eat as the liner cross^ectional 
area Soof Rgum 1 A. When fully expanded, the effective 
diameter ol the expanded outlet members 34. 36, 38 ex- 
ceeds that of Vie branching chamt»er 32 

Experimerxs have been conducted to prove the f ea- 

40 sibiiity of manufacturing branching sub 30 with outlets 
in a retracted state, and later operationally expanding 
outwardly and -ounding the outlets. 

Experiment Ptese 1 

4S 

Two casing sizes were selected: a first one, one me- 
terlong was 7 inch liameter casing with a wall thickness 
of 4.5 mm; the second was one meter long and was 7 
nch diameter casing with a wall thickness of 8 mm. A 

so hydraulic jack was designed for placement in a casing 
for expanding 1 Each casing was successfully pre- 
formed into an eliplical shape. e.g., to simulate Ihe 
shape of outlec member 34 in Figure 3A and reformed 
into circular steps whfle using a circularizing fomiing 

« head with the jack. Circularity, like that of outlet nriember 
38 of Figure 3A was achieved with pkjs or minus differ- 
ence from periect circularity of 2 mm. 
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Experiment Phase 2 

Two. one meter long. 7 inch diameter. 23 pound 
casings were machined axtally at an angle of 2.5 de- 
grees. Tha two casings were jofriad together at their ma- 
chined surfaces by electron beam (EB) welding. The 
joined casings were defomied to fit inside an ii inch 
diameter. The welding at the junction ol the two casings 
and the casings themselves had no visiblo cracks. Tha 
maximum diameter was 10.7 inches: the minimum di- 
ameter was 10.5 inches. 

a) Machinery 

Before mUling each casing at an angle of ^5 de- 
grees, a spacer was temporarily welded a! its end to 
avoid poeafcle deformation during machining. Next 
each casing was machined roughly and then finished to 
assure that each machined surface was ooplanar with 
the other. Tha spacer welded at the end of the casing 
%vas machined at the same time. 

b) Weldir>g 

The two machined casings were assembled togeth- 
er with a jig. pressed together and carefully positioned 
to maintain alignment of the machined surfaces. Ihe as- 
sembly was then fixed by several tungsten inert gas 
(TIG) spot welds and the jig wae removed. In an EB 
welding chan^r, the two machined casings were spot 
welded alternately on both sidee to avoid possible de- 
formation which could open a gap between the two 
surfaces . Next, about SOO mm were EB welded on one 
side; the combination was turned over and EB welded 
on the other side. Finally the bottom of t» combination 
was EB welded and turned over again to complete the 
welding. The result was satisfactory: the weld fillet was 
continuous without any loss of material. As a result, the 
two machined surfaces of the casings were joined with 
no gap. 

c) Deformation 

IDeformation was done with a special jig ol two por- 
tions of half cyiindars pushed against each other by a 
jack with a force of 30 metric tons (66,000 pounds). The 
rwlf cytinders had an InsWe diameter which was slightly 
smaller than 11 inches. / jccordingly. the final diameter 
of the deformed assembly was lees than 1 1 inches when 
the junction was deformed. Pliers were placed inskJe the 
junction to aid deformation of the outlet where it is criti- 
cai: at the end of the tube where the deformation is max- 
imal. 

A large wedge with a 5 degree angle was Installed 
between the two outlets to facilitate flattening them 
when deforming. The defomialkxi started at the outlets. 
Force was applied on the pliers and simultaneously on 
the jack. A force of about one ton was continuously ap- 



plied to tha pliers; the outside jig was morfod down in 
steps of 125 mm; at each step a force of 15 metric tons 
(33.000 pounds) vras applied. The cpernion was re- 
peated with a force of 20 metric tons (44.G00 pounds). 
s and the end of the outlets started to flanen on 0ie wedge. 
The process was completed at a force of 33 metric tons 
(66.000 pounds). The resulting deformec aroducl was 
satisfactory. 

It is preferred to modify the shape ol die pliers in 
10 such a way that the pliers deform the mrtlai with a 
smooth angle and to weU the wedge after dslonnation. 
rather than before, and to weU it by using two large 
wedges on each skto of it to avoid a "hesaiiver defor- 
mation of this area 
IS Experiment Phase 2 was conducted asaoond time, 
but with a steel sheet metal stiffener wetCad aiong the 
EB weMa of both skies of the junctkm ol thetwocasings. 
The junction was deformed as in Experinent Phase 2 
to m within an 11 inch diamatsr A Jack wth a force of 
20 30 metric torw (66,000 pounds) was used. Piers, as for 
the first junctkw. ware not used. A largt wedge was 
used for the first junction with a 5 degree ang^ cut in 
two and installed on each skJe of the weUM wedge be- 
tween the two outlets to facilitate flatteningar the outlets 
2S when delonning. The defomiatkxi startedat the outlets 
and continued toward the junctnn. This pperation was 
repeated with a force of 30 metric tons. T-re end of the 
outlets started to flatten on the wedge. The oonion most 
difficutt to deform was around the junction sf tho casings 
30 where the outlets are complete inskle tut weUed to- 
gether, where the welded surface is between itie top of 
the inside eUipse and the top of the outsiito e%se. As 
a result ol this experiment, a higher capaoty jack of 50 
metric tons force was provMed. 

35 

Experiment Phase 3 

A full length prototype with two 7 inc^.casings con- 
nected to a 9 5/8 inch casing was marUactured and 
pressure tested. Testing stopped at 27 ba* because de- 
formation was occurring without pressurs /ariation. 



a) Machining 

45 Machining was pert omiad In the sarsa way as lor 
the two previous juncttons except that tha lengtfi ol the 
casings was 1.25 meters instead d 1 mater, and a 
groove was machined around the ellipticEl proAe to en- 
hance the EB welding process. Additionalv; a bind hole 

50 was machined on the plane of the cut of each casing to 
install a pin between the two casings toinrcwide better 
positioning. The upper adapter was mactiinad out d a 
solid bar of steel on a numerically controlled mfling ma- 
chine to provide a continuous profile behMon tte 7 inch 

ss casings, with a 2.5 degree angle, and the S 5/8 inch cas- 
ing. The adapter was machined to acceix a ptug. The 
rmer diameter ol the lower end ol the 7 inch casings 
was machined to accept the expanding pugs 
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b) welding 

The two machined casings were assembled togoth- 
er with a jig and pressed together. The assembly was 
then r«ed together by several spot TIG wokte and the 
jig was removed. In an EB channber. the two parts were 
EB spot welded aitenfwtery on both sides to avoid pos- 
sible deTomialion. Then the two casings were EB weld- 
ed on one side; the assembly was turned over and EB 
welded on the other side. The assembled casings were 
loffied satisfactorily. An adapter was then TIG welded 
on the assembled casings as weD as a wedge in be- 
tween the 7 inch casings. 

c) Pressure Testing 

Deformation Anng pressure testing was measured 
using two linear potentiometers placed on the EB weW. 
The pressure was increased by steps of 5 bar. and the 
value of the potentiometer was recorded at almoepheric 
pressure, at the given pressure, and when returned to 
atmospheric pressure. As a result of such pressure test- 
ing, it was determined that the toial plastic deformation 
of the casings near their junction was 4.7 mm and out- 
wardly of their junction was 3-7 mm. 

Experiment Phase 3 showed that the deformation 
at 27 bar was too high. Nevertheless, the deformation 
was localized in a small area. The upper adapter and 
Ihe large casing welding act as stiffeners. It was deter- 
mined to add a stilener in the plane ol vwlding vrtiich 
can be 'anchored* in the area of low deformation. 

Experiment Phase 4 

A full length prototype yrilh two 7 inch casings (9 
mm thickness) connected to a 9 5/8 inch casing was de- 
formed to fit Inside a 10.6 inch cylinder. This deformation 
was performed using the same Jig used for Experiment 
Phase 3, but with a jack with 50 metric tons capacity 
instead of 30 metre tons. 

a) Oefomiation Jig 

The deformatiwi jig was modHied lo accept a higher 
deforming force »id the bar which supports the fixed 
half shell was reinlorced. The jig was bolted on a frame 
and a crane was included in the frame to lift the junctton 
and displaca it durtig the deformation proceas. 

b) Deforming Process 

The change of dimcnskxi ol Iho joined casing dur- 
ing deformation was measured using a sliding gauge. 
Such change ol dimension was measured before apply- 
ing the pressure, under pressure and after releasing the 
pressure. Defom^ation started at the middle of the junc- 
tion where it is stillest and continued toward the ends of 
the outlets because the deformatton must be larger at 



the outlets. The detorrration on the bottom of the junc- 
tion was too high on the first run and reached nearly 10 
inches. At the mld(Jo of the junctkxi, the deformatkxi 
was about 1 0.6 Inches. Except for the bottom end which 
5 v^s deformed too nwch with negative curvature around 
the wedge, the ronnairKter ol the junction stayed around 
10.6 inches. The rraxinnum pressure applied was 670 
bar which required a force of 48 metric tons. For joining 
and deforming casings ol thicker tubes, the jig must be 
10 rebuilt to accept large delorming forces. 

c) Conclusion 

The deformation ol the prototype of Experiment 
f s Phase 4 wtas conducted easily with the new pg. The cas- 
ngs were reopened to the original shape. 

Figure 4 is a p^spectrve view of the brartchlng sub 
30 of Figures 3A. 3B. 3C where the branching sub is 
shown after expansion. Threads 31 are provkJed at the 
20 top end of branching chamber 32. Threads 31 enable 
branchng sub 30 lobe connected to a parent casing for 
deployment at a subterranean k«ation. Outlet members 
34. 36, 33 are shown expanded as they wouW kx)k 
downhole at the erct of a parent well. 
2S Figures 6A-5D illustrate an alternative three outlet 
branchhg sub 301 accortlng to the invention. Figures 
5A and SB yiustraie n radial and axial cross-sectkxi 
views the sub 301 n its retracted positon. Outlet mem- 
bers 341 . 361 and 331 are illustrated with outlet member 
30 361 being about equal to the combined radial cross-sec- 
tional area of outlet marnbers 341 and 381 combined. 
Each of the outlet members are deformed inwardty from 
a round tubular shape to the shapes as Illustrated in Fig- 
ure 5A whereby the combined deformed areas o< outlet 
35 members 341 . 361 and 361 substantially nil the circular 
area d branching chamber 321. aher deformatkin 
shapes may be advantageous as mentioned above. 
Each deformed shape ol ouUet nwmbors 341 . 361 and 
381 of Figure 5A is characterized by (lor example, of the 
40 outlet member 341 a circular outer section 342 and one 
or more connect^;, non-circular sections 343, 345. 
Such non-circular sectkans 343. 345 are cooperatively 
shaped with 8ectkx> 362 of outlet member 361 and 382 
of outlet member 351 so as to maximize the internal ra- 
4S dial cross-sectkxial areas of outlet members 341 , 361 
and 381. 

Figures 5C and 5D Sustrate the branching sub 301 
of Figures 5A and 58 after its outlel members have been 
luDy expanded after deployment in a parent wefl. Outlet 
so members 361 and 381 are illustrated as having been 
simultaneously expanded in a gently cunr Ing path out- 
wardly from the axis of brariching chamber 321 and ex- 
panded radially to farm circular tubular shapes from the 
deformed retracted state of Figures SA and 5B. 
55 Figures 6A-6E show in schematic form the size ol 
expanded outlet numbers as compared to that of the 
branching chambe- Figure 6A shows two outlet mem- 
bers 241, 242 whirh have been expanded from a de- 
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formed retracted state. Ihe dtamelere ol outlet mem- 
bers 241 and 242 are eubetanlially greater in an expand- 
ed state as compared lo thatr circular diameters it they 
could not IM expanded. Figure 6B repeats the case o< 
Figure 3B. Figure GC repeats the urveven triple outlet 
configuration as shown in Figures 5A-50. Figure 60 il- 
lustrates lour expandable outlet members from a 
branching chamber 422. Each of the outlet membera 
441 . 442. 443, 445 are Of the same diameter. Figure 6E 
illustrates five oudet members, where outlet member 
545 is smaller than the other four outlet members 541 . 
542. 54a 544. Outlet member 545 may or may not be 
defomwd in the retraded state of the branching 6iA>. 

Description d Method for Expanding a Deformed 
Retracted OuUet Menter 

Figures 7A-7E ilusimte dOMmhole fonning heads 
1 22. 124. 1 26 operating at various depths in outlet mem- 
bers 38. 34, 36. As shown on the right hand side of Fig- 
ure 7A. a generaKzed forming head 122 is shown as it 
entersa deformed retracted outiat member, tor example 
outlet member 3B. ai location B. Each of the forming 
heads 1 22 . 1 24, 1 26 has not yet reached an outlet mem- 
ber, but the heads have already begun to expand the 
outlet wall of branching chamber 32 outwardly as ilhjs- 
irated in Figure 7B. The forming heads 122. 124. 126 
continue to expand the outlet memlMra outwardly as 
shown at location C. Figure 7C showa the forming heads 

1 22. 1 24. 126 expandir^ the outlet members outwardly 
while simultaneously circularizing them Forming pads 

123. 125. 127 are forced outwardfytyy a piston in each 
of the fomiirig heads 122. 124. 126, The forming heads 
simultaneousy bear agaM central wall region 150 
which acts as a reaction body so as to etmuttaneously 
expand and fomt the outlet nr>enri>ers 38. 34. 36 while 
balancir>g reactive forces while expancfing. Figures 7D 
and 7E illustrate the forming step at locaticns D and E 
of Figure 7A 

Figures 8A snd 88 Hlustrate an axiatty extending 
slot 160 in the bra-ichng chamber 32 of branching sub 
30 Such slot 160 cooperates with an orienting and 
latching sub of a downhole fomting tool for radial posi- 
tioning of such orienting and latching sub for forming and 
expandtr)g the muttpie outlel membera downhole. A 
rxjlch 162 in branching chamber 32 Is used to latch the 
downhole lonning toot at a prodetemtined axial position. 

An extension leg 1 70 projects downwardly from the 
central wall region 150 of branching sub 30. A fool 172 
is carried at the end of extension leg 170. In operation, 
foot 172 is lowered to the bottom of the borehole at the 
deployment location. It provides support to branching 
sub 30 during forming toot expandir^ and other opera- 
tions. 



Descriplion of Forming Tool 

a) Description of Embodiment of Figures 9. 10 

5 Figures 9 and 10 Hlustiate the forming tool used to 
expand multiple outlet members, for example oidet 
membeis 34. 36. 38 of Rgures 3A. 38, and 3C and-ig- 
ures 7Bw 7C. 70 and 7E. The fomiing tool includes up- 
hoia apparatus 100 and downhole apparatus 200. The 
10 uptnleapparatus 100 includes a conventional oompiter 
IQZ programmed to control telemetry and power siosly 
urib 104 and to receive commands from and display irv 
lonnetian to e human opeiator. An uphole winch unit Y 06 
hsan elBCtrical wireline 110 spooled thereon foribw- 
is ering doMnhole apparatus 200 thioufih a pererit wel 
canng and into the t>fanching chamber 32 of a braiEh- 
ing sub 30 which is connected to and carried aiihe end 
of Itie parent casing. 

The downhole apparatus 200 includes a ooram- 
80 tionalcaUe head 202 which provides a atrangMlBitri- 
eaU connection to wIreRne 110. A telemetry, power sup- 
plies controls module 204 includes oonventionel te- 
larnetry. power supply and control circuits which function 
to sommunlcate with uphole computer 102 via wintine 
26 m and to provide power and control signals to doM>- 
hdia modules. Hydraulic power unit 206 includes a sxv 
ventional electrically powered hydraulic pump for 3ro- 
duang downhole pressurized hydraulic fluid. An orent- 
ng and latching sub 208 includes a latching device 21 0 
30 (sdnematlcatly illustrated) lor fitting within ndchlSZ of 
branching chamber 32 of Figure 8A and an orientB%de- 
viDs 212 ^schematically Slustrated) for cooperating with 
slot 160 o< branching chamber 32. When the dowrYsole 
apparatos 200 la lowered into branching sub 30. orant- 
35 jngdevice2l2 enters theslot leoandthedownholsap- 
paatus 200 Is further lowered until the latching derica 
21Q entors and latches within notch 1 62. 

rocad traveling head 213 provides hydraulic iluid 
communication between hydraulic power unit 205 and 
40 the traveling fbrmhg heads ^2Z 1 24, 1 26. for exarole. 
Teescoolc linKs 180 provide pressurized hydraulic lud 
to 7ave*ig fonning heads 122. 124* 126 as the hiads 
122, 124. 1 26 move downwardly within the multipteaut- 
let mentMrs, for exan^te outlet menrtbers 34. 36, 38 c« 
45 Fi9ire57B-7E. Monitoring heads 182. 184. l86arcpfO- 
visad to determine the radial distance moved white ra> 
dially toiming an outlet member. 

Figure 10 Hluolrates traveling tomvng haads T2a 
124. 122 indifferent stagesolforminganoutletmenber 
so cri ibmtiing sub 30. Forming head 1 26 is shown Inout* 
lei manager 36. which is illustrated by a heavy tine btfore 
raoiat tomiing in the retracted outlet member 36. The 
oudet member is shown in light lines 36*. 36*. wAienrtha 
oudet member is depicted as 36* in an imenneciata 
ss stage of fomiing and as 36' in its final formed stage. 
The fonning head 1 24 is shown as H is radially tann- 
ing retiacted outlet member 34 (in light line) to an nter- 
rrediate stage 34*. A final stage is illustrated as circilar- 
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ized outlet membor 34*. The forniinQ head 124. like the 
other two forming heads 1 26. 122, includes a piston 151 
on which lofming pad 125 is mounted. Piston 151 is 
forced outwardy tjy hydraulic fluid applied to opening 
hydraulic line 152 and is forced inwardly by hydraulic s 
fluid applied to closir>g hydraulic Hne 154. A catper sen- 
sor 1B4 is provided to determine the anxHjnt of radial 
Uavel of piston 151 and lonwng pad 125. for example. 
Suitablo fteals ara piovided between the piston 1 51 and 
t»Ye forming head 124. 

The forming head 122 arvj forming pad 123 are il- 
lustrHted in Figure 10 to indicate that under certain cir- 
cumslancas the shape of ttw outlet member 38 nf^y be 
*ov8r axpanded* looeaie a slt^tiy obiong shaped out- 
let, such that when ratSallofmlng force from forming pad « 
123 and forming h«d 122 ie renwved. the outlet win 
spring back hto a ciRcular shape due to residual elastk- 
tty of the steel oudel mefhber. 

At me level cf tte blanching charr«ber 32. forming 
heads 122, 124. 126. balance each other against the » 
reaction forces wMe fon^ing the walls of the chamber 
outwaixily. Accordingly Ihe forming heads 122. 124, 126 
are operaled simutaneously. for example at level 8 of 
Figure 7A. while forcing ttie lower end d the wall of the 
branching chamber 32 oulwardiy. When a forming head 
122 enters an outlet member 38 for example, the pad 
reaction forces are evenly supported by the central wall 
region 1 50 of the branching chamber 32. The telescopic 
links 180 may be rotated a small amount so that the 
fonning pads 127. 125. 123 can apply pressure to the 30 
right or left from the nomial axis and thereby improve 
the roundness or caculBfily of the outlet members. After 
a forming sequence is performed, tor example at kx»- 
tton D in Figure 7A. tte pressure is released from piston 
151. and the teleeoopic linics 180 lower the forming 3S 
heads 122. for examptOL down by one step. Then the 
pressure is rmsed again for forming the outlet menr^rs 
end so forth. 

The conr^KJsiton of the materials of whfch the 
branching sub 30 is constmcted ie preferably of an aHoy ^ 
steel with austentc structure, such as manganese 
steel, or ntekel alto^^ such as 'Monel" and "Inconel" se- 
ries. Such materials provide substantial pteattedafonrw- 
tkxi with coW forming thereby provWing strengthening. 

4S 

b) Oeacriptkm of Alemaliva Embodiment of Figures 
15A-15D. 16andl7A-17D 

An alternative post-lonning tool is Blustrated in Fig- 
ures 15A. 15B, 158r. 15C, 15D, 16, and 17A-17D. The BO 
posi-formlng tool 1500 is supported by common down- 
hole components cf Figure 9 including a cable head 202, 
telemetry, power supplies and controls module 204, hy- 
draulic power unit 206 and an orienting and latching sub 
208. Rgure 16 illusJratas that post-forming tool 1500 in- ss 
eludes a travel ao^tor 1510. A piston 1512 of travel 
actuator 1510 moves from an upper retracted position 
as shown in Figure 1 7 A to a lower extended position as 



shown in Figures 17C and 170. Figure 17B shows the 
piston 1512 in an intermediate position. Piston 1512 
moves to intemrwdiale positkx^s depending on the de- 
sired travel positions of forming heads in the outlet mem- 
bers. 

Figures 16 and 17D Ikjstrate a two fonning head 
embodiment of iho posl-lomiing tool 1 500 where two 
outlet members (e.g.. see outlet members 1560 and 
1 562 of Figures 1 5A-1 5D)are illustrated. Three or nwe 
outlet members may be provkied with a corresponding 
number of forming heads and actuators provkled. Unks 
1514 connect the piston 1512 to actuator cylinders 
1516. Accordingly, actuator cylinders 1516 are forced 
downwardly into outlet members 1560. 1562 as piston 
1512 moves downwardly. 

Actuator cylinders 1516 each include a hydmulical- 
ly driven piston 1518 ^t^wdh receives pressurized hy- 
draulic fluid from hydraufic power unit 206 (Figure 9) via 
travel actuator 1510 and inks 1514. The piston 151618 
n an upper positkx) as austrated in Figures 17A and 
1 7C and in a tower positnn as illustrated in Figures 17B 
and 17D. 

The actuator cylinders 1 51 6 are pIvoiaWy linked vb 
links 1524 to forming pads 1520. The pistons 1518 are 
linked via rods 1526 to expanding rollers 1522. As 
shown in Figures 1 7 A and ISB". the forming pads 1520 
enter an opening of two retracted outlet members as il- 
lustrated in Figure 15B The expanding rollers 1522 and 
forming pads 1520 are in a retracted positton within re- 
tracted outlet members 1560, 1 562. 

The piston 1512 is stroked downwardly a small 
amount to move actuator cylinders 1 516 downwardly a 
small amount Next, pistons 1518 are stroked down- 
wardly causing expanding rollers 1522 to move atong 
the inclined interior face of forming pads 1520 causing 
the pads to push outwanfy against the Merior wads of 
retracted outlet members 1560, 1562 untB the outlet 
members achieve a circuJar shape at that level. Simul- 
taneously, the outlet members are forced outwardly 
from the axis of the multiote otrilet sub 1550. Next, the 
pistons 1518 are stroked upv»3rdty. thereby returning 
the expanding rollers 1 522 to tn© positions as shown in 
Figure ISC. The piston 1512 is stroked another small 
distance downwardly thereby moving the forming pads 
1 520 further down into tha outlet members 1 560. 1 562. 
Again, the pistons 1518 are stroked downwardly to fur- 
Ihor expand the outlet members 1560. 1562 outwardly 
Euid to circularize the oudets. The process is continued 
until tha positions of Figures 15D and 170 are reached 
which Illustrate the position of the forming pads 1520 
and actuator cylinders 1 516 at the distal end of the mul- 
tiple outlet members 1560. 1562. 

Descripiton of Method for Provkiing Branch Welb 

Figures 11A-11H and Figure 12 describe the proc- 
ess for establishhg branch wells from a branching sub 
30 in a well. Tha branching sub 30 is illustrated as having 
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thraeomie] mDmbofs 34, 36, SBCpeflheexampIo of Fig- 
ures 3A. SB, 3C »id Figufes 7A-7E> but any number of 
outlets may also be used as ifcistralod in Figures SA- 
GE. Only the outlets 38. 36 are iuslraled from the axial 
croes-sectional views presented, but of course a third i 
outlet 34 exists lor a three outlet example, but it is fK?t 
visible n the views of Figures 11 A-ilH or Figure 12: 

Figure 11A shows that the branching sub 30 is first 
connected to the tower end of a parent casing 604 which 
Is conveyed through intemiediale casing 602 (if ^ 
preserrt). Intennedlaie casing 602 linos the wellbcre and 
is typically nin through surface casing 600, Surface cas- 
ing 600 and intennediate casing 602 are typically pro- 
vided to line the wellboro. The parent casing 604 may 
be hung from inlefmecfiate casing 602 or from the well- 
head at the surface of the earth or on a production plat- 

form. 

The outlet members 36. 38 (34 not shown) are in 
the retracted poeition. Slot 160 and noteh 162 are pro- 
vided In branching chamber 32 of biarKhIng sub 30 (see 
Figure 12) to cooperate with oriertling device 212 and 
latching device 210 of orienting and latching sub 208 of 
downhdo apparatus 200 (See Rgure 9). When the par- 
ent casing 604 is set downhoie. the branching sub 30 
may be oriented by rotating the parent casing 604 or by 
rotating only the branching sub 30 where a swivel joint 
is installed (not illustrated) si the connection ol the 
branching sub 30 with the parent wall casing 604. The 
orienting process may be morytored and controllad by 
gyroscopic or inclinometer sunrey methods. 

Description of Alternative Embodwnont of Figures 18A- 
1BFand19A-19C 

Rgures 1BA-1BF illustrate concave deformation 
outlet members in a retracted state of a branching sub 
according loan alternative embodiment of the invention. 
The outlets are shaped simitar to it«i of a ruled suflace 
shell. Concave deformation retracted outlet mem- 
bers, under certain circumstances, provides advantag- 
es for particular outlet arrange rT>ents, especially for 
three or more outlet nodal jurxaions. 

Figure 18A Illustrates, in a radial cross section 
through I'nee 1 9A of the brancbng chamber 1 621 . of the 
branching sub 1850 of Figure 18B. that the outlets have 
a concave shape. Stiffening 6tnx:ture 1800 is provided 
at the juncture of each outlet mentief 1881 . 1842. 1B61 
with its neighbor As a result the arBa that ia capable of 
plastic deformation is reduced as the number of outlets 
Increases. Providing the retracted shape ol the outlet 
merrtjera, as in Figures ISA and 188. allows minimiza- 
tion of the area to be delormed, and simultaneously re- 
spects the princ^le ol deformation of a ruled surlace 
shell that allows expansion by posi-forming with a min- 
imum of energy required. Figure IBA Blustrates an en- 
velope 1 81 0 ol the overall diarreter ol the branching sub 
1850 when the outlet members 1881. 1842. 1861 are 
retracted. The arrow 1806 pdnts to a circled area ol 



structural reinforcement. Arrow 1B04 points to an area 
of concave defonrwlion of the outlets in branching 
chamber 1821. 

Figure 180 illustratas the branching sub 1650 at a 
s longitudinal position at the juncticsn of the outlet mem- 
bers with a radial cross section through lines 1 8C of Fig- 
ure 188. Arrow 1810 points to the outer envelope of the 
branching sub in its retracted state. Figure 18D illus- 
trates the branching sub 1 650 near the end of the outlets 
10 while in a retracted state. Arrow 1 61 0 points to the outer 
envelope of branching sub 1650 in the retracted state, 
while anowB 1881', 1842' and 1861 'point to dashed line 
outlines of the outlet membeni 1881. 1842 and 1861. 
respectively, after expansioa 
15 Figures ISE and 16F Illustrate the branching sub 
1850 in an expanded state where Figure 18E Is a radial 
cross section of through the outM matuberB ai the end 
of the outlet. Arrow 1810 pointB to the outer envelope of 
the branching sub 1850 when in a rotrwted state; arrow 
20 1810* points to the outer envelope whonthe outlet mem- 
bers 1881', 1842* and 1861' have been expanded. 

A preferred way of placing the outlet members 
1881.1842,1661 intoiheretractedstateof FigureelBA- 
ISD is to construct the sUb with the geometry d Figure 
2S 1 6E and apply concave pliers along the vertical plan d 
axis symmetry of the junction. The defonnation is pro- 
gressively greater and deeper starting from the top of 
the outlet members (Figure 18 A) to the bottom of the 
outlet members. The entire junction of outlet nwnbers 
30 1881, 1842. 1861 10 branching chamber 1821 prefera- 
bly includes welding of super plastic materials such as 
nickel-based altoys (Monel or Inconel. lor example) in 
the delomtod areas and materials of Wg^r yield 
strength In the non-delbrmed part o# the branching sub. 
35 Electron beam wokSng is a preferred melhodol welding 
the conr^ite shefl of the blanching sub. because elec- 
tron beam weldkig minimizes welding induced stresses 
and allows joining of eections of different composHions 
and thick walls with minimum loss d strength. 
40 Figures 19A. 19Band 19C illustrate a post-forming 
tool 1 926 similar to the post-forming tool of Figures 1 Sff- 
15D and 16 described above. An actuator sonde (not 
shown) supports the post-forming tool 1926 including 
actuator 1910, push rod 1927. andfomiing rollers 1929. 
45 Ftgura 19A shows an axial sectton schematic of the 
post-fonning tod 1926 operating h one outlet member 
1861 d branching sub 1850 when It begins to expand 
suchoutletmember. Figure 19B illusiraies a similar axial 
section where actuator 1 91 0 has been stroked outwaid- 
so ly to force push rod 1927 and traveling forming head 
1928 downward, with fomiing rollers 1929 expanding 
outlet member 1881 outwardly wNle simultaneously 
roundng it. Figure 19C shows a vertical cross section 
throui^ the branching sub 1850 with a traveling forming 
ss head 1928 ii each d the three ouilel members 1881. 
1842. 1861. Fonning rollers 1929 force the concave por- 
tlon oi outlet members 1681. 1842 and 1861 outwardly 
while support rollers 1931 are supported against sliffen- 
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ing stiucture 1800. Pu«h boama 1933 provid© a frame 
lor rotationaHy eupporting forming rollers 1 929 and fiup- 
poft rollers 1931. Springs and linkages (not lllustraied) 
are provided among push beams 1 933. forming roters 
1 929. and support rollers 1 931 lo Insure that a« mowng 
parts retract to a top position so that the overall tooldi- 
ameter collapses tothe dianrteter of Itie branching chanv 
ber 1821 (Figure 18B) of the branching sub 1650. 

In operation, the traveling lOrnvng head 1 928 ol Tig- 
ures 19A-19C loOows a sequerwe of steps similar toM 
described above with respect to Figures 17A-170. The 
poal-lbrming tool 1 926 is conveyed by means of a wire- 
line and Its associated eofxJe with cable head. telem*y 
power suppfies and oontiols sub. hydraulic power wit. 

orienting and latching sub. and is eat so thetf tw 
actuator 1910 seats above the top o< the junction erf ftm- 
erang structure 1800. The tiavefing lomiing head lffiB, 
comprising push beams 1933 carrying forming rotors 
1929 and support rollers 1931. la pushed downwanly 
by poweringactuatof 1910 so that the expansionci each 
outlet member (e.g.. 1881. 1642. ie61)beginaalit6»3p 
end where it exits from the branching chamber 1 821 and 
continues to the lowei end of each outlet member. This 
sequence is repeated untH the proper circular shape is 
achieved. 

Figure 11 B illustrates the forming step descriaed 
Eribove with Corming heads 122, 126 sho¥Wi forming out- 
let members 38. 38 wth hydraulic fluid being provcied 
by telescopic links 180 from hydraulic power unit 206 
wxJ fixed traveling head 21 3. The outlet membe rs 36^ 
3B are rounded to maximize the diameter d the branch 
weRs and to cooperate by fitting with liner hangeis or 
parkars n the steps desaibed betow. The forming ftep 
of Figure 118 also strengthens the outlet members 36. 
38 by their being cold lormad. As descrtoed above, the 
pieterred material of the outlet membera 36. 38 dttw 
branching sub is altoyed steel with an austenltk: same- 
tuf e. such as manganese steel, whteh provides subttan- 
tial plastic deformation combined with high strengthen- 
ing. CoW forming (plastic deformatkm) ol a nfckel e*loy 
s:eol. such as •Inconoi", thus increases the v ekJ 
suength of the base material at the bottom end cA mo 
branching chamber 32 and in the outlet members 36, 
36. The outlet meiriwrs are formed into a final subaan- 
tiatty circular radial cross-section by plastk; delormrfon. 

As de8cri>ed above, it is preferred under mostoon- 
moM to convoy and control the downhole forming ap- 
paratus 200 by means of wireline 110. but under certain 
conditions, e.g., under-balanced welbore oorxftions. 
(or in a highly deviated or horizontal well) a coiled tiAing 
equipped wfth a wireline may replace the wireline alone. 
As illustrated in Figure 11B and descrt>ed abova the 
downhole fooning apparatus 200 is oriented, sal and 
locked into the branching sub 30. Latching device 210 
snaps rito notch 1 62 as shown b Figure 1 1 B (see also 
Figure 12). Hydraulic pressure generated by hydraulic 
power unit 206 is applied to pistons in forming heads 
122. i26thataresupportedbytelescopic links 180 Af- 



ter a forming sequence has been peilomect tho pres- 
sure is released from the pistons, and the teJascopic 
links 180 k>wer the forming pads dowir by one step. 
Then the pressure is raised again afwj io on until the 
5 forming step Is completed with the outte mesnbers cir- 
cularized. After the outlet members are expanded, the 
downhole fomting apparatus 200 is rerwecS from the 
parent casing 604. 

Figures 11 C arxJ 11 D iBustrale the tainenttng steps 
10 for connecting the parent casing 604 ana the branching 
sub 30 hto the well. Plugs or packers BOD are installed 
into the outlet members 36. 38. T1>e pfofsrod way to set 
the packers 800 is with a multiple head atngar 602 con- 
veyed either by cementing string 604 ora caOed tubing 
15 (not llUislrated). A mutlfM head stwger ncMes muHi- 
ple heads each equipped with a cemerttng flow shoe. 
The Btkiger 802 is latched and oriented iin the branching 
chamber 32 of branching sub 30 in a manner similar to 
that described above wiffi respect to Fgjre 11B. As it- 
so lustrated in Figure 11 D, cement 900 is inrjectad via the 
cementing string 804 into the packers BOD. and after in- 
flating the packers 800 ttows through canventksnal 
check valves (not shown) into the annuLis oaaside par- 
ent casing 604, including the bottom braiching section 
2S 1 000. Next, the cementing string 804 is pilled out of the 
hole after disconnecting and leaving packers 800 in 
place as shown m Figure 11E. 

As shown in Figure 11F. individual srarx*^ wells (e. 
g. 801) are selectively drilled using any >uita2>le drilling 
30 technk)ue. After a branch wen has bew driaod. a liner 
605 is installed, connected, and sealed in ihe outlet 
member. 36 for example, with a conwaitianal casing 
hanger 806 at the outtel of the branching scA 30 (See 
Figures 116 and 11 H). The Bner may tecenwnted (as 
35 illustrated in Figure IIG) or rt may be roiriwrable de- 
pencSng on the production or Injection faranMSeis. and 
a second branch weH 808 may be driW as ilustrated 
in Figure 11H. 

Figure 12 illustrates completion d branch wells 
40 from a branching sub al a node of a pa-^nt woD having 
parent casing 604 njn through intermooate casing 602 
and surface casing 600 from wellhea:: 510 As men- 
tioned above, parent casing 604 may bt hurmg from in- 
termediaie casing 602 rather than from weilread 61 0 as 
45 Illustrated. The preferred method of conpletinQ the well 
ia to connect the branch wells 801 . eCB to a downhole 
manifold612 set in Ihe branching chamhar 32^x>ve the 
jundkxi of the branch wells 801, 80B Tho downhole 
manifoU 61 2 is oriented and latched in branctwng cham- 
so ber 32 in a manner similar to that of the -iamdMe fomi- 
ing tool as iHustrated in Figures 8A. Bfi and 11B. The 
downhole manifokJ 612 allows for contirt o# «ie produc- 
tkxi of each respective branch well and presides lor se- 
lective re-entry of the branch wells 801 , 308 ^th testing 
ss or maintenance equipment whfch maf be conveyed 
through productkxi tubing 820 from the su(tat». 

In case of remedial work in the patant casing 604. 
the downhole manifold 612 can isolate the parent well 
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Irom the branch wells 601 , 80B by plu99*"9 t^^o outtet of 
the downhde manifold 612. This is done by conveying 
a packer through production tubing 820. and setting it 
in the outlet of downhole manifold 612 before discon- 
necting and removing the production tubing 820. N^Jves 
controllable from the surface and testing equipment can 
also be placed in the downhole equipnnent: The down- 
hole manifold 612 can also be connected to multiple 
completion tubing such that each branch well 801. 808 
can be independently connected to the surface well- 
head. 

The use of a branching sub for branch well forma- 
tion, aft described above, for a triple branch well config- 
uration, allows the use of dramatically smaller parent 
easinQ as conrY>ared to that required in the prior ait ar- 
rangement of Figures 1 Aand IB. The relatiooships be- 
tween the blanching sub diameter Os. the maximum ex- 
panded outlet demeter Do, and the maximum diameter 
of a conventional axial branch De for a two outlet case 
is shown in Figure 13A. and for a three outlet case in 
Figure 1 3B. The same kind of anaVsis applies tor other 
multiple outlet arrangements. In comparison to an 
equivalent axial branching that ooutd be made of liners 
packed at the end ol the parem casing, the branching 
weU methods and apparatus of the present inventkxi al- 
k}w a gain in branch cross-sectional area ranging from 
20 to 80 percent 

Figures 1 4A-1 40 illustrate various uses of two node 
branch well oonflguratkxis according to the inventkaa 
Figures 1 4Aand 14B Hlustrate a branching sub at a node 
according to the invention. Figure 14C illustrates how 
branch weDs may be used to drah a single strata or res- 
ervoir 1100. while Figure 140 Hlustiatesthe use of asin- 
gie node by whkii multiple branch wels are directed to 
different largei zones 1 120. 11 40. 1160. Any branch welt 
may be treated as a singia wel for any htenrantkxi. 
plugging, or abendoninent. separate from the other 
wells. 

Descriptton of Alternative Embodiment of a Branching 
Sub According to the Invention 

a) Description of Aftemative Branching Sub 

Figures 20A and 20B show an aJtemative embodi- 
ment 3000 of the invention of a branching sub. Figure 
20A shows an exterior view of the branching sub 3000 
including a housing 3002 having threaded ends 3004. 
3006. The branching sub 3000 of Figures 20A, 20B is 
illustrated in an expanded or post-formed state. The 
branching sub 3000 includes a main pipe MIO Mifch 
defines a food throu^ channel 3011 (see Figure 20B) 
and at least one lateral branching outlet 301 2 which de- 
fines a lateral channel 301 3 (see Figure 208). A branch- 
ing chamber 3008 is defined betvwen the top channel 
3007 and the feed through channel 3011 and lateral 
channel 301 3. A bottom hole assembly (BHA) deflecting 
area 3015 separates main pipe 3010 from lateral 



branching outlet XI 2 

in a retracted state, the branching sub 3000 may be 
placed in series with sections of well casing and posi- 
tioned in a borehole witi the nmning of the casing string 
5 into the borehole. After placemer>t in the borehole, the 
housing of the branching sub 3000 Is post-formed so 
that both the teed through channel 301 1 and the lateral 
channel 301 3 (or multipie branching outlets) are shaped 
to a final geometry which increases resistance to pres- 
10 sure and which maximizes the drift diameter of the lat- 
eral channel 301 3 and the feed through channel 301 1 . 
Longitudinal ribs XI 8 pnovkje strength to the housing 
3002 of the branching sub 3000. Longitudinal rib XI 8 
extends the entire axial lengDi of the branching sub 3000 
IS and is integral with the BHA deflecting area XI 5 for a 
distance from the bottom threaded end 3006 of the 
branch^ sub 3000 lome branching chamber 3008. 

Figures 21A-21D scttenruoicany Itustrate the 
branching sub 3000 in tts retracted stale (see Figures 
£0 21A.21B) and In its eoqpanded state (see Figures 21C. 
210). In the retracted state shown in Figures 21 A. 21 B. 
the main pipe XI 0 and the brancNng outlet X12 have 
been prefabricated so that the maximum outer diameter 
0 Of the branching sub 3000 is not greater than the top 
25 threaded end 3004 or bottom threaded end 3006. Figure 
218. taken akxig section me 21 B of Figure 21 A, Blus- 
trates the oblong shaoe of the feed through channel 
X1 1 of main pipe X10 and of the lateral channel XI 3 
of lateral branching outlet XI 2. In the retracted state. 
30 branching sub 3000 can be placed between eectuns of 
borehole casing and njn into an open borehole to a se- 
lected depth. 

Figures 21C and 210 schematk:alty illustrate the 
branchfcig sub 3000 after ft has had Its feed through 
9S channel XII expanded and ils lateral channel XI 3 ex- 
panded. The maximumdtameter in the expanded slate, 
perfomied downhole. at section line 210 is 0' as com- 
pared to the diameter 0 of the top and bottom threaded 
ends 3004. 3006 of the branching sub 3000. Figure 21 D 
40 illustratee that the main pipe XI 0 and the lateral 
branching outlet XI 2 rot only have been expanded out- 
wardly from their retracted state of Figures 21 A. 21 B, 
but that they have been substantially circularized. Thus, 
k\ Figure 210. feed ttirouj^ channel XII and lateral 
4S channefXIBarechafaderizedbysubstantiallycircuiar 

internal diameters. 

The downhole post-loimlng method and apparatus 
Ulustraied and descrbed above by reference to Figures 
7A-7E. 8A. BB. 9 and 10 are used to expand the teed 

so thrbu^ channel XII and the lateral channel Xia 

The construction of branching sub 3000 is based on 
the combination ot material and geometrical properties 
of the BHA deflecting area 301 5. The material is specif- 
ically selected and treated to altow a large rate of defor- 

ss matfon without cracks. Tlie geometry o< the wan is such 
that both its combined thickness and ehape ensure a 
continuous arxJ progressive rate of deformatton during 
the expansion. The plastic deformatcn increases the 
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yield strength by cold work otfecl and hone© gives the 
joint w acceptable strength that te required to support 
the pressure and liner hanging forces. Figwe 22 show 
that the yield stren0h atter expansion increaaes vvith the 
rate ol deformation dt the outlets A preferred material 
for use n the poel-forming areas is a fine grain normaJ- 
ized cartxxi steel or an austenrtic man9af>©so alloyed 
steel that reacts favorably to cold vworking. A preferred 
constniclion method is to rnanufacture different specific 
components in order to optimize the maiortel and form- 
ing process of each particular part. In a final stage, the 
components are wekled together so that the housing 
3002 becomes one single continuous structural shell 

b) Description of Use of Alternative Branching Sub 

Figure 23 schematbal V ilustrates the um q« the al- 
temative branching sub 3000 as descried above. A 
pref ened use of the branching sub 3000 is for providing 
multiple branches In a parent well. Such multiple 
branches may improve the drairmge of a subterranean 
formation. 

Before the invention of the branching sub 3000 d 
Figures 20A. 20B and 21 A-21 0. connection of a lateraJ 
branch to a parent well has generally made use of an 
arrangement of several parts with sealing dthe branch 
weQ to the parent well with rubber, resin or cement. Such 
joints require a complex method of installalbn and 
preset a risk of hydraulic isolation failure after several 
pressure cycles in the well. 

The branching sub 3000 according to the invention 
alk>ws for providing multiple branches from a parertf 
casing with no sealing joint, but with conventional liner 
hanging ptt:kera and casing joints. The gsometfy of the 
housmg 3002 of the bfanching Bub 3000 allowe the pres- 
sure latng of the sub and the size of the branch to be 
maxvnized with regard to the parent casing size. Figure 
23 shows an example of the use of a branching sub 3000 
whars. after expansion downhole. branch wells 30u 
are provided to separate parts of the earth's cnjst by 
means of lateral channels 301 3. The branch weBs 30* 4 
can be used for extraction, storage or injection of vario^ 
fluids such as mono or poly-phasic fhikJs of hydrocarbon 
products, steam or water. 

c) Desciptton of Deflection Apparatus and Procedures 

Figure 24 Slustrates how a drilling tool 3030 can be 
guided or deflected from main pipe 3010 into lateral 
branching outlet 3012 after the branching sub 3000 has 
been expanded downhdla. A deflecting tool 3036 is set 
in main pipe 3010 by means of elements w^iich cooper- 
ate with the positkxting groove 3040 and orienting cam 
and slol 3042 Hkjstraled schematk^lty. 

Several lateral branching subs can be stacked in 
tandem at a k>catkyi in the well or at several places 
along the casing string In order to provide optinrtal com- 
munication with various lormatkxis from the parent well. 



Figure 25 iHuslrates two branching subs 3000 according 
to the alternative embodinent of the invention which are 
connected in tandem m a casfr>g siring 3300 Where two 
or more branching subs 3000 are connected in a casing 

5 string 3300, each sub can be oriented with r>e same or 
a different face angle for the lateral branches. As a con- 
sequence, different angular orientatkxis fron the parent 
well may be provided to reach a large volume of subter- 
ranean formatbns with different lateral branches. The 

10 casing siring 3300 nrtay be oriented vertically or horizon- 
tally, or it may be tilted; but the lateral branches nnay in 
any case extend laterally from the parent casing. Al- 
though departing at a narrow angle from the cashg 
string 3300. lateral boreholes from the tatenal oudets of 

15 branching subs 3000 can be directicnally cMM toa ver- 
tical, deviated or horizontal orientation. 

Figures 26A and 26B Mustrate a driDaMs cap 3400 
welded about the opening of lataral brarching outlet 
3012 in its retracted and expanded concfitiona. lespec- 

zo trvely. When conveying the casing string irft> the bore- 
hole, the cap 3400 isolates the lateral channel 3013 from 
the borehole and maintains a differerttid pressure 
across the casing wall which may be required to control 
the borehole pressure when casing is corrweyed cjown- 

» hole. When the lateral branch is to be driiled. a drilling 
tool bores through cap 3400 ar>d into a formation to form 
a lateral branch. 

d) Description of Advantages and Features of 
30 Alternative Branching Sub 

As mentioned above, a single branching siA> 3000 
can k>e provided with more than one lateral outleC Such 
multiple outlets can be coplanar with each other or non- 

as coplariar. A single branching sub 3000 can be connect- 
ed in tandem with one or more other branching subs 
3000 either at its top end or Its bottom end A branching 
sub 3000 can t>e provided with a foot at its lower end in 
a similar manner to loot 1 72 of Figure 8A- 

40 A lateral branching outlet 3012 o« Figtre 20B may 
support a liner hanging packer which hoios a lr>er con- 
nected to the housing 3002 in order ic isoiale the 
branchhg chamber 3008 from the borehote Appropri- 
ate grooves at the top ol the lateral branching outlet 

45 3012 may be provided to secure the liner hanger and 
prevent the liner from accidentally moving ovt ol Vie out- 
let during the liner setting operation or later Atennative- 
v. the interior wall of thr lateral branching outloi 3012 
can be provided without grooves. 

50 The lateral branching outlet 301 2 can be teftninated 
with a ramp that guides the drilling bft wher* starting the 
drilling of the lateral borehole. Such ramp can prevent 
the drilling bit from accidenlally drilling back toMard the 
main pipe 3010. 

55 Other structures may be provided inside the 
branching chamber 3008 such as a guidanca ramp, sec- 
ondary positioning groove, or the like to validate con- 
veying equ^ent through the feed thnsogh ciiannel 
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3011 or toward a specific lateral channel 3013. The 
branching chainber 3008. or the lateral branching outlet 
3012, or tho main pipe 3010. can t)e provided with tenv 
porary or permanent flow control devices such as 
valves, chokes, or temporary or pemianeoi recording 
equipment with temperature, pressure or seismic sen- 
sors, for example. The branching chamber 3006 can al- 
so be provided with a production tubing interface with a 
flow connector, or a flow divorter, or an isolating packer. 
A lateral branching outlet 301 2 can also be provkled with 
an artificial lifting device such as a pump, gas influx in- 
jectors, and the like. 

As an alternative to the apparatus and techniques 
of FIguroa 7-10 for expanding the main pipe 3010 and 
the lateral branching outlet 3012. an inflatable packer 
may be placed on the Inside wal of the main pipe 3010 
or the latera! brwtching outlet 301 2 whereby the expan- 
sion force of the packer is used to expand the pipes by 
plastic deformatkm. 

VSartoue modificattons and alterations in the do- 
acrbed methods and apparatus wiO be apparent to 
those skilled in the art of the foregoing descriptkxi which 
do not depart from the spirit of the invention. For this 
reason, such changes are desired to be included within 
the scope of the appended claims which inckjde the only 
llmitatkxis to the present invention. The descriptive 
manner which Is empbyed for setting lorth the emtxxJ- 
iments shouM be interpreted as illustrative but ccl limi- 
tative. 



in saki retracted position, are characterized by 
an outer cunred shape when a radial cross-sec- 
iKn of said branching outlet members is viewed 
from outsMe said Imaginary cylnder. 

The sub of claim 1 wherein said branching outlet 
members, when in said retracted position, are char- 
acterized by an outer convex or concave shape 
when a radial cross-section of said bcarKhing outlel 
members is viewed from outsklo sad imaginary cyt- 



Claims 

1. Amultlplebranchingsubdesignedandarrangedfor 
deployment in a borehole comprising: 

a branching chamber having an open first end 
of cylindrk:al shape and a second and. saki 
branchng chamber designed and arranged for 
sealed connect kx) at saM first end to casing in 
a borehole; and 

multiple branching outlet members, each of 
whk^ is integrally connected to sak) second 
end of sakl branching chamber, each of saM 
muttiplB branchkig ouUet merhbers being m flu- 
ki corrwnunicatfon witfi sakJ branching cham- 
ber, sakS sub characterized by. 
a retracted positton for insertton ink) a borehole 
in whch each of saU multiple outlet members 
is substantially totally within an imaginary cyl- 
inder which is coaxial with and of substantially 
the same radius as sakl first end of sakl branch- 
ing chamber: and 

an expanded positkm in which at least one of 
said multiple outlet members extends from sakj 
branching chamber in a path outwardly of said 
imaginary cylinder; and 
wherein said branching outlet rDembers. when 



3. The sub of claim 1 wherein said outlet members are 
designed and arranged such that in said expanded 

15 positba each of sak) multiple outM members ex- 
tends in an arcuate path f ram said twanching cham- 
ber outwardly ol said imaginary eyfnder. 

4. The sub of claim 1 wherein safcf multiple outlet 
20 members in said expanded position are character- 
ized by a substantially circular racfel cross-section- 
al shape. 

5. The sub of claim i wherein sab multiple branching 
« outlet members are fomned of a material whk*i may 

be plastically deformed by ooM forming. 

6. The sub of claim 5 wherein sakl material is an al- 
ksyed steel with austenltic stnjdure. 

30 

7. The sub o1 claim 6 wherein sakl material is a nickel 
alloy. 

8. The sub of clakn 1 wherein each of sakJ multiple 
3S branching outlet members is of substantially the 

same radial cioes-eectional area. 

9. The sub of claim 1 wherein at least one of sakJ mul- 
tiple branching outlet members is characterized by 

40 a radial croes-sectional area which is greater than 
at least one other of sad mutt ale branching outlet 
members. 

1 0. The sub of claim 1 further comprising a leg member 
<5 carried substantially axially downwardly from saxl 

second end of sakJ branching chamber and a foot 
disposed at a distal end ol said leg. 



11. The subof claim 1 wherein acentral support regk>n 
so is defined at said second end ol sak) branching 
chamber between integral connections ol said mul- 
tiple branching outlet mentbers to saod second end, 
and further conH>rising: 

55 an extenskxi leg carried from sakl central sup- 

port region which extends axially beyond sakS 
multiple branching outlet members; and 
a foot disposed at a distal end of sad leg. 
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12. A bfOKhing sub designed and arranged tor depby- 

inorrt in a bof ehole cxxnprising: 

^ integral housing having a top end and a bot- 
tom end and which defines a branching cham- 
ber, a main pipe, and a branching outlet, with 
said main pipe and said branching outlet each 
being longiludinaity below said branching 
ctiamber and each being in Huid communica- 
Uon with said branching chamber, 
said top end d said housing being above said 
branching chamber and being adapted for con- 
nection to borehole casing, and wherein said 
lop end is characterized by a connection diam- 
oter. 

said branching eub characterized by a retracted 
state for insertion Into a borehole h ¥^ich the 
targest diameter dt aaid housing at any position 
tforg its longitudinal length is no greater than 
Gaid connection diameter and 
VI expanded state in which said branching out* 
let extends outwardly from said branching 
chamber with a diameter of said housing in said 
expanded state being greater than said con- 
nection (fiameter. 

13. The blanching sub of claim 12 wherein said main 
3(pe has an end which defines said bottom end of 
said housing and which extends longitudinally be- 
ow an end ot said branching outlet. 

14. The blanching sub of claim 12 wherein said main 
9ipe has threads provided at said bottom end tor 
oonrtaction to borehole casing below. 

15. The branching sub o< claim 14 where in the retract- 
ed state said nr^in pipe is characterized by a circular 
nside radial section shape at said bottom end and 
3y a non-circular inside radial section shape at a 
ongiudlnal position below eaid branching chamber 
and above said bmom end. and said branching out- 
et is characterized by a non*€ircuiar inside radial 
section shape at a longitudinal position below said 
jrarvhing chamber. 

16u The branching sub oCdalm 15 where in the expand- 
ed state said brar^tng chamt)er and said main 
pipe are characterized by a substantially constant 
first dtometer of a circular inside radial shape from 
said top end to said bottom end, and said branching 
outlei is characterized by a substantially constant 
second diameter of a circular inside radial shape 
from said branching outlet end to said branching 
chamber. 

17. The branching sub of claim 13 lurthercomprisinQ a 
first longitudinal rib which is integral with said hous- 
ng »>d which extends from said bottom end to said 



top end in a path along the exterior ol eaid housing. 

IB. The branching sub of claim 17 further comprising a 
second longitudinal rib. spaced peripherally from 
s said first longftudinaJ rib ¥Vhich extends from said 
bottom end to said top end in a path along the ex- 
terior or said housing. 

1 9. The branching sub of claim 18 further comprising a 
10 deflecting 6tnx:ture which separatee said main pipe 
from said branching outlet from said branching 
chamber longltudinalty downward to said end of 
said branching outlet. 

15 20. The branching sub of claim 1 3 further comprising a 
dfiOable cap secured to said end of said branching 
outlet. 
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